According to the frequent existence of precocious (early mature) and dwarf walnut genotypes in Iran nurseries, a series of field and laboratory trials were conducted to evaluate these valuable genotypes from various aspects including consistency of growth under in vitro and in vivo conditions and impacts of seedling vigor on the walnut rooting and grafting. Results showed genetic stability of evaluated genotypes, moderate to high narrow-sense heritability (0.39-0.88) for traits related to seedling vigour, positive correlation between seedling height and other vigor related traits as well as desirable effect on the rooting of layers/microshoots both in field and in in-vitro trials and dwarfing effects on scion growth. A selection program for both dwarfing and rooting ability (selection of dwarf/semi-dwarf as well as easy-to-root clones) to utilize their advantages in a high-density orchard system has been suggested.
INTRODUCTION
By producing more than 485,000 metric tons of walnut, Iran is the second leading producer of walnut in world (FAO, 2011) . This production of walnut comes from seedling orchards from an area over than 60,000 ha widespread all around the country, indicating the potential of genetic diversity in this primary center of walnut genetic diversity. Persian walnut (Juglans regia L.) as its name suggests, originated from Persia. In decades, walnut trees of double interest (timber and nut) with high vigour have been used as seed source in many countries (McGranahan and Forde, 1985) . As a result, trees of present populations are usually tall (average about 27 m), inconvenient to prune, spray, and harvest (Forde and McGranahan, 1996) . Interests towards reduced-sized fruit trees and high density orchards have increased worldwide (Cummins and Aldwinckle, 1983; Faust and Zagaja, 1984; Hartmann et al., 2001 ). Dwarf trees have many advantages including increased planting density, higher production and photosynthetic efficiency, effective spraying, and easy harvesting (Faust, 1989) . Presently, high density hedgerow systems have been experimented with in the world. These systems are based on the mechanical hedging of lateral-bearing walnut cultivars (Olson et al., 2001; Ramos et al., 2001) .
Reduction of tree size by using genetically dwarf rootstocks is a key component for high density, and mechanized orchard systems (Cousins, 2005) . Size controlling rootstocks/cultivars have been reported for many fruit trees such as apples, pears, cherries, apricots, plums, peaches, and blueberries (Faust and Zagaja, 1984; Fideghelli et al., 1984; Faust, 1989) and it is possible to be discovered in other species (Faust, 1989) . Several independent genetic characteristics determine the tree size, including length of internodes, branching angle, location of branches (basitonic, mesotonic and acrotonic), and rate of growth. These characteristics could be easily found in forest, fruit and landscape tree species and there is only a question of time and effort to discover them (Faust, 1989) .
Genetically precocious and low-vigour walnut genotypes could be found among seedlings of Persian walnut (personal observations); although weak (low vigour) and small seedlings is a usual practice in many walnut nurseries (Hartmann et al., 2001) . Germain et al. (1997) and Breton et al. (2004) reported compact and basitonic growth habit of low vigour walnut seedlings originated from central Asia. However, limited information is available about the inheritance of low vigour and precocity in these seedlings. The main objective of this study was to evaluate the field behavior of low vigour and early maturing walnut seedlings (selected from nurseries) in terms of growth consistency and bearing over the years, and to estimate narrow sense heritability of vigour related traits and to study their effects on grafting and rooting of walnut in farm or in-vitro conditions.
MATERIALS AND METHODS
In the first trial, through a nursery selection program (2001-02), 125 precocious and dwarf seedlings (two years old) were selected from commercial nurseries in northwest Iran. In March 2003, these seedlings were transplanted into an orchard with a spacing of 4×4 m. At the end of the 2005 growing season, data were collected on tree height (measured from base to tip of tree), shoot length (average of four randomly selected shoots), length of internodes (measured at the basal part of spring shoots), average number of nodes per shoot (four shoots), and level of bearing (0 = no fruit and 1 = fruited) from the 101 survived genotypes. Cluster analysis was done using average linkage (UPGMA) method.
In the second trial, evaluation of half-sib family progenies was conducted using open pollinated progenies of six parents, three with high vigor and three with low vigour rate. In November 2005, 75 seeds of each family were planted directly in a nursery (spaced 200×15 cm) .
In the third experiment (2006), the effect of factorial combination of three seedlings vigor and three methods of root pressure control was investigated on the sap flow rate (SFR), grafting success percentage (GSP) and scion growth, in a completely randomized design with three replications.
In the fourth trial, the response of different seedling vigor was assessed to the modified stool layering trial (i.e., wire girdling of newly grown shoots and application of lanoline paste containing of three auxins (IAA, IBA and NAA) at 7500 ppm in 2006.
In the fifth trial (2006-07), semi-hardwood cuttings from each of three clusters of seedling were collected in late September in 2006 and, after treating with IBA (0 and 6000 ppm) for 5 s, were planted in medium containing equal part of sand, sawdust and perlite under mist and bottom heat condition for 40 days.
In the sixth experiment, the stability of seedling vigor and its effects on the multiplication and rooting ability under in vitro condition, nodal explants of newly grown shoots of 5-year-old seedlings from three clusters of seedling vigor were surface sterilized and cultured on DKW medium (early spring 2006). The explants were sub-cultured every month up to 13 times to increase the number of micro cuttings.
RESULTS AND DISCUSSION
Cluster analysis of nursery selected genotypes (first trial) classified the genotypes in three clusters with apparently distinct characteristics. In the main cluster comprising about 47% of investigated populations, mean of tree size (mm), number of nodes and length of internodes (mm) were 46.12, 7.70 and 1.05, respectively (Table 1; Fig. 1A ). Three years after replanting, some of the trees produced one to 10 fruit per tree. In the second cluster, comprising 30% of population, mean tree size, number of nodes and length of internodes were 88.77, 10.55 and 1.70, respectively. In the third cluster (24% of population), the above mentioned values were 169.36, 12.37 and 2.96, respectively.
In the second trial, significant variations were found among the families for seedling size, number of nodes, and length of internodes at 45-day-old stage (Table 2) . These significant variations were also observed among the seedling families at the end of the growing season (Table 3 ). Significant variations were found within-and betweenfamilies in terms of seedling height and diameter, number of nodes and length of internodes in both 45-day-old and one-year-old seedlings. Moderate to high narrow-sense heritability (0.39-0.88) was estimated for all of the traits, both by between family variance and parent-offspring regression methods, implying the role of genetic control in phenotypic variations (Table 4) . Seedling height had positive correlation with other vigor related traits indicating that measuring only seedling height is adequate to identify families that produce low vigor seedlings (Table 5) .
The effect of seedling vigor on the SFR trends and its correlation with the environmental variables during a 4-week period was studied as a separate experiment. According to the results, the SFR was similar for all of three groups of seedlings at the first week but, the trend of SFR was significantly separated during later weeks of measurements, so that it was decreased significantly in the case of low vigorous seedlings as compared to the vigorous and medium-vigorous seedlings (P<0.01). Also the rate of sap flow showed a positive correlation (r=0.98) with the minimum temperature of a day before of its measurement. The relatively late decline of SFR in low vigor seedlings did not significantly affect the GSP, but in combination with the one week of grafting delay resulted in the non-significant increase in the GSP as compared to vigorous seedlings (P<0.01). In addition, covering graft union with moist sawdust as well as grafting delay for one week resulted to the highest GSP (80-90%) independently from the seedling vigor. The growth rate of scions 45 days after grafting was affected significantly by the seedlings vigor (P<0.05). Thus, by controlling the root pressure via delay in grafting time and covering graft union by moist sawdust or avoiding usage of high-vigor seedlings like as forest walnut ecotypes, it could be possible to obtain about 90% of grafting success percentage as well as a relatively significant reduction of scion growth.
In response to the modified stool layering, average number of roots per layer and rooting score in low-vigor group were 7.8 and 4.2 (out of 5), respectively and significantly improved compared to high-vigor seedlings. Moreover, most of the highquality adventitious roots formed on low-vigor seedlings appeared to originate from internal tissues compared to low-quality and brittle roots that originated from callus in high-vigor seedlings. Improved rooting of low-vigor seedlings reflects substantial structural/and or hormonal differences among seedlings with different vigor.
In the fifth trial (2006-07), results showed that seedling vigor and hormone only affected callus formation with no effect on rooting. Also, treating base of callused cuttings with reduced concentration of IBA was not effective in stimulating of rooting on callus surface.
Results of in vitro study showed that number of adventitious shoots raised from the micro cuttings was the highest in the dwarf and semi-dwarf genotypes compared to the high vigor ones (3.3 vs. 2.3). The low vigor genotypes also showed the highest number of nodes per a given size of shoot. Smaller shoot size (2.6 vs.4.5 cm) and lower callus formation as well as darker leaf color and higher rooting percentage (63.5 vs. 37.1%) are consistent with the field observations and suggesting their basitonic tendency, easy rooting and dwarf stability under in vitro conditions (Table 6 ; Fig. 2) .
CONCLUSIONS
In conclusion, we suggest a simultaneous recurrent selection program for both dwarfing and rooting ability (selection of dwarf/semi-dwarf as well as easy-to-root clones) to utilize their advantages in a high-density orchard system. Further investigations are needed to increase the frequency of favorable alleles by inter crossing or self-crossing of selected clones for advanced genetic analysis and QTL mapping of vigor controlling loci.
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